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1. Introduction 


Starch is one of the most abundant storage components of many economically important crops and their residues [1]. 
Processing starch to produce glucose through a-amylase mediated liquefaction has gained much attention lately. 
Despite that a-amylase enzyme is produced by a variety of living organisms, producing a-amylase from bacterial 
cultures has many advantages. Among these advantages are bulk production of the enzyme by bacterial biomass, ease 
of handling, low costs compared to other methods, different fermentation procedures to facilitate the production, the 
more stable produced enzyme, and no seasonal interaction [2]. The production of a-amylase enzyme has a great 
significance in biotechnology, constituting about 25% of the world's total enzyme market [3]. A large number of 
bacterial a-amylase enzymes are commercially available and can substitute chemicals in starch and glycogen 
hydrolysis in starch processing industries [4]. This enzyme is an endo-amylase that releases glucose or maltose from 
starch and glycogen via the hydrolysis of a-D-(1-4) glucosidic bonds in the large molecules enriched with glucose unit. 
[5]. Besides its activity in converting starch into glucose syrup, a-amylase has a wide range of biotechnological 
applications in food, detergent, and pharmaceutical industries, in addition to its medicinal and analytical chemistry 
utilizations. 


Traditionally, bacterial amylases are produced using synthetic chemical broths after adjusting their composition 
according to the optimal growth requirements and considering other environmental parameters. Synthetic media 
contents are costly, which renders producing enzymes in industrial volumes using this method uneconomical. 
Therefore, researchers tended to replace them with more reliable and cheaper substitutes for mass production. In this 
prospect, agricultural materials and their byproducts are considered a proper choice. A wide range of agricultural 
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products and waste can be used as a carbon source in amylase production, such as millet and potato starch, wheat 
bran and straw, coffee waste, banana wastes, potato peel, and sugarcane bagasse [6]. 


Although many bacterial genera are involved in the mass production of a-amylase, spore-forming Bacillus spp are the 
most competent in extracellular amylases enzyme production. Previously B. cereus grown under optimal laboratory 
conditions to produce amylase [7], while [8] produced amylase enzyme from B. subtilis. Additionally, [9] used fruit 
peels as a substrate for amylase production by Bacillus sp AY3. On the other hand, B. thuringiensis is known to excrete 
a-amylase and many trials were conducted to produce amylases from this species [10][11]. Therefore, the main 
objective of the recent research was to produce a-amylase from Iraqi isolates of B. thuringiensis using agricultural- 
based media. 


2. Material and Methods 


2.1. Bacterial isolates 


Three Iraqi bacterial isolates of B. thuringiensis were isolated from soil [12]. Two other isolates were obtained from 
infected dead larvae of Galleria mellonella and one final isolate from infected Ephestia kuehniella larvae. Infected 
larvae were crushed with sterilized distilled water. Then, the suspension was heat-treated at 80 °C for 30 min. A 
loopful of suspension was streaked over nutrient agar and incubated at 28 °C for 72 h. Isolated bacteria were 
identified according to [12]. The six bacterial isolates of B. thuringiensis were refreshed from their stocks using 
nutrient agar plates. Cultures characteristics and spore formation were examined under microscope. 


Nutrient agar based medium augmented with 1% starch was prepared and sterilized at 121 °C for 15 minutes. Each 
bacterial isolate was streaked over starch medium and incubated at 30°C for 72 h. Later, iodine solution was added to 
the growth and left for 10 minutes. Clear zones developed around the colonies were measured in response to bacterial 
growth [13]. 


2.2. Production of ~-amylase in broth culture 


B. thuringiensis isolates were grown in nutrient broth and nutrient broth augmented with 1% starch (analytical 
grade). broths were incubated for 48 h at 30 °C in a shaker incubator (150 rpm) [14]. bacterial cultures were 
centrifuged at 10000 rpm for 10 min, and the supernatant bacterial cell extracts were collected and used in the 
quantification of a-amylase enzyme activity [11]. 


a-amylase activity was measured using starch as a substrate and 3,5-dinitrosalicylic (DNS) as an indicator for sugar 
reduction. DNS reagent was prepared by dissolving 1g of DNS in 20 ml of 2M of NaOH, then 30 g of sodium potassium 
tartrate was added slowly to the mixture. The DNS solution volume was completed to 100 ml with distilled water and 
warmed to 50 °C until complete dissolution. 3,5-dinitrosalicylic solution was stored in a dark bottle until use [15]. The 
substrate solution composed of starch 1% was suspended in 0.2 M phosphate buffer (pH=7). 0.2 ml of free cell extract 
was mixed well with 0.8 ml of substrate solution and incubated at 30 °C for 30 min. Then, 1.5 ml of DNS solution was 
added to the mixture and incubated at 100 °C for 10 min. A red color was developed in response to glucose 
concentration in the solution. Red color intensity was measured using a spectrophotometer at a wavelength of 540 
nm. One a-amylase activity unit was defined as the amount of enzyme which released 1 umol of maltose or glucose 
equivalent per min under the assay conditions [15][16]. Regarding the enzyme activity, B. thuringiensis isolate KS4 
was chosen for further experimentation. 


2.3. Agricultural-based media 


Agricultural components (Wheat straws, Rice straws, Corn cops, Date seeds, Reed, Lathyrus seeds, Corn seeds, and 
Sorghum seeds) were all obtained from Iraqi agricultural sources. Each material was ground to coarse particles and 
sieved out through a 2 mm mesh. 5 g of each agricultural component was added separately to 100 ml distilled water, 
and the pH of each medium was adjusted to 7.2+0.2. Ready to use nutrient broth (Oxoid) was prepared as described 
by the manufacturer and augmented with 1g of starch (1%). All media were autoclaved for 20 minutes at 121 °C and 
1.5 bar and then were cooled to 25°C. 
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The spore suspension was prepared from 72 h old culture, and spores were counted using a haemocytometer. Serial 
dilutions were prepared, and 0.1 ml of each culture was spread over nutrient agar to estimate the viable bacterial 
count using the equation: 


Colonies forming unit/ml = Number of colonies x Reverse dilution factor x 10 


Agricultural-based broths and the 1% starch-nutrient broth were inoculated with 10° spores, based on the previous 
estimation. The broths were incubated for 48h at 30 °C in a shaker incubator (120 rpm). a-amylase was extracted, 
and its activity was estimated, as mentioned above. 


After that, different concentrations of corn and sorghum seed (2.5, 5, 7.5, and 10%) were used to prepare agricultural- 
based broths, and each culture was incubated at either 30 °C or 35 °C to assess the best environmental requirements. 


2.4. Statistical analysis 


Statistical analysis was done using the 12" edition of gene stat. Three replications of each treatment were subjected to 
LSD test at significance level of 5%. 


3. Results and Discussion 


3.1. Bacterial isolate a-amylase production 


Clear zones developed after iodine treatment indicated that different B. thuringiensis isolates produced different 
quantities of amylase at the solid medium. Most Bacillus species, including B. thuringiensis, are able to excrete a- 
amylase in a starch-containing medium [17]. [16] confirmed the production of amylase enzyme from many soil 
Bacillus isolates through the use of iodine on starch agar medium, and the developing of a clear zone around bacterial 
growth indicated for amylase activity. 


Results showed that amylases production significantly increased in nutrient broth augmented by 1% starch compared 
to starch-free media (Table 1). This result is in accordance with other researches which showed that starch at 
concentrations of 1-2% combined with organic nitrogen-based compounds such as peptone, triptone, beef extract or 
yeast extract was very promising in amylase production from many Bacillus spp [18-20]. The highest amylase 
activities were observed in Bt KS4 (an Iraqi soil isolate) followed Bt 5G and Bt 3G, which were isolated from the 
infected Galleria mellonella larvae (Table 1). 


Table 1. Amylase production from different Bacillus thuringiensis isolates 





Activity of amylase (unit/ ml) 





Isolate name 


Source of isolate 























Nutrient broth Nutrient broth+ starch 

Bt kurstaki India 1.48hi 3.634 
Bt KS3 Iraqi soil 0. 69) 4.11¢ 
Bt KS14 Iraqi soil 1.625 2.80¢ 
Bt KS4 Iraqi soil 2.53 6.024 
Bt 3G Galleria mellonella larvae 2.38 4.16¢ 
Bt 5G Galleria mellonella larvae 1.34) 5.775 
Bt DS Ephestia kuehniella larvae 0. 75) 2.60'8 


3.2. a-amylase production in agricultural-based media 


Based on its performance in the initial tests, Bt KS4 was chosen for the later agricultural-based media tests. The 
results revealed that corn seeds medium gave the highest enzyme activity results among the tested media, including 
starch supplemented broth (Table 2). On the other hand, the best sporulation of Bt KS4 isolate was observed using 
Lathyrus based medium followed by sorghum and corn seeds. Many factors might interact with the sporulation 
process in B. thuringiensis, including environmental parameters and nutrients that sustain bacterial growth. The high 
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sporulation in lathyrus based broth might be due to the chemical composition of Lathyrus seed, which contains 
proteins, a low level of reducing sugar, and many elemental minerals such as magnesium, phosphorous, calcium. 
Quorum sensing signals secreted by bacterial cells in response to cell density, nutrients, and environment are 
responsible for the division, sporulation, and biofilm formation through a phosphorylation regulatory system. This 
system demands excessive amounts of phosphorous, and Lathyrus seeds can supplement the medium with 
phosphorus needed to sustain this system [21-23]. 


Low bacterial growth was observed in wheat straw, rice straw, corn cop, and date seed media. This finding might be 
due to the biochemical composition of these agricultural wastes, which is rich in cellulose (30-45%), hemicellulose 
(20-25%), and lignin (15-20%) with a minor amount of sugars and proteins [24]. 


Table 2. The production of amylase enzyme in agricultural-based medium 





Medium Activity of amylase Viable bacterial 





























composition (unit/ ml) number (CFU/ml) Notes 
NB+ starch 5.57 1x10° growth with low sporulation 
Wheat straw 0.088 1x106 Low growth yield 
Rice straw 0.5¢ 1x106 Low growth yield 
Corn-cop 0.3 1x106 Low growth yield 
Date- seed 0.3f 5x105 Extremely Low growth yield 
Reed 0.15¢ 5x105 Extremely Low growth yield 
Lathyrus 2.254 7x108 Extremely high sporulation 
Corn seed 7.948 4x108 High sporulation 
Sorghum seed 4.53¢ 3x108 High sporulation 





Growth parameters: shaker incubator (120 rpm) for 48h 
Different letters refer to significant deference (P<0.05) 


3.3. Medium optimization experiment results 


Based on the superior performance of corn seed and sorghum seed media, they were chosen for further investigation 
with Bt KS4 isolate under different material concentration in the medium (2.5, 5, 7.5, and 10%) and two different 
incubation temperatures (30 and 35 °C). The highest amylase production was observed at 10% corn seed medium at 
35°C with an amylase activity of 16.39 (Table 3). The main advance in the recent research was the production of a- 
amylase enzyme from B. thuringiensis isolated from Iraqi soil (KS4) using agricultural-based culture media of corn or 
sorghum seed without the need for any extra additives to fermentation media. The current results are mainly due to 
corn seeds' high carbohydrates (up to 80.62%) and protein (up to 10.95%) contents as well their essential minerals 
and vitamins [25]. Additionally, the main carbohydrate source in corn seed and sorghum seed is starch with 59.74% 
and 60.02%, respectively [26]. 


The current results were in accordance with other successful researches that aimed to produce a-amylase using 
agricultural-based media for fermentation, such as Tapioca liquid waste [27], banana wastes [3], and fruit peels [9]. 


Table 3. The production of amylase enzyme from Bacillus thuringiensis KS4 at 
different concentrations of corn and sorghum seeds. 


Activity of amylase (unit/ ml) 








Material 

















pee Corn seed Sorghum seed 
30°C 35°C 30°C 35°C 
2.5% 7.32+£0.67 sh 11.5142.03 bed 3.4+0.40: 3.26+0.41' 
5% 7.65+0.71 8h 12.343.00 5.67+0.67 hi 8.72+0.92 fs 
7.5% 9.45+1.73 defs 13.541.11 7.86+0.81 8h 10.65+1.41 «def 
10% 11.2442.41 ede — 16.39+2.344 8.23+0.91 ‘sh 10.75+1.78 8 





Growth parameters: shaker incubator (120 rpm) for 48h 
Different letters refer to significant deference (P<0.05) 
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